Searching for an intermediate-range force has been considerable interests in gravity experiments. In this paper, aiming at a scalartensor theory with an intermediate-range force, we have derived the metric and equations of motion (EOMs) in the first postNewtonian (1PN) approximation for general matter without specific equation of state and N point masses firstly. Subsequently, the secular periastron precessionω of binary pulsars in harmonic coordinates is given. After that,ω of four binary pulsars data (PSR B1913+16, PSR B1534+12, PSR J0737-3039 and PSR B2127+11C) have been used to constrain the intermediate-range force, namely, the parameters α and λ. α and λ respectively represent the strength of the intermediate-range force coupling and its length scale. The limits from four binary pulsars data are respectively λ = (4.95±0.02)×10 8 m and α = (2.30±0.01)×10 −8 if β = 1, where β is a parameter like standard parametrized post-Newtonian parameter β PPN . When three degrees of freedom (α, λ andβ ≡ β − 1 ) in 1σ confidence level are considered, it yields α = (4.21 ± 0.01) × 10 −4 , λ = (4.51 ± 0.01) × 10 7 m andβ = (−3.30 ± 0.01) × 10 −3 . Through our research on the scalar-tensor theory with the intermediate-range force, it shows that the parameter α is directly related to the parameter γ (α = (1 − γ)/(1 + γ)). Thus, this presents the constraints on 1 − γ by binary pulsars which is about 10 −4 for three degrees of freedom. 
Introduction
With tremendous advance in the accuracy of observations, Einstein's general relativity (GR) has passed nearly all the tests in the solar system. However, alternative gravity theories are still required for deeper understanding of the nature of spacetime and for testing possible violations of the Einstein equivalence principle (EEP) in the forthcoming more precision level. Among them, a scalar-tensor theory is the most challenging one (See ref. [1] for review). The theory not only has the simplest and most natural way to modify general relativity, but also the presence of a scalar field could explain some exotic phenomena such as the dark energy.
In this paper, we adopt the following modified action for the scalar-tensor theory with an intermediate-range force [2] S = c
where Ψ denotes all the matter fields. In eq. (1), the matter fields Ψ only interact with the metric field. This means that the trajectory of a free-fall test particle depends only on the space-time geometry so that it satisfies the EEP. Although the current experiments verify EEP to a very high accuracy in the Solar System, violations of EEP at galactic and cosmological distance scales can not be ruled out. And discussion about the violations of EEP is beyond the scope of the present paper. θ(φ) is the coupling function and the function Θ(φ) has the following relationship:
which can generate an intermediate-range force. Some experiments give some limits for the intermediate-range force through searching for apparent deviations from Newtonian gravity (See sect. III. B in ref. [3] ). Especially, a space mission called Phobos Laser Ranging [4] in the near future will detect this effect.
On the other hand, binary pulsars promise an unprecedented opportunity to measure the effects of relativistic gravitation (See refs. [5, 6] for a review). For example, pulsar timing has provided indirect evidence for the existence of gravitational waves [7] , the binary pulsars data can constrain the existence of massive black hole binaries [8] , and the binary pulsars can also test the effects of strong relativistic internal gravitational fields on orbital dynamics [9] . In addition, binary pulsars could help us to test various gravity theories. By fitting the arrival time of pulsars, observational parameters of binary pulsar are obtained in high precision. It is worthy of note that the periastron advance for binary pulsars could reach several degrees per year, which is about 10 5 more than the perihelion advance of Mercury. Hence, the relativistic effects from binary pulsar are more remarkable than other celestial systems. We will take a sample of binary pulsars for testing the intermediate-range force by using theirω. In this paper four best studied pulsar binaries are chosen. They are respectively PSR B1913+16, PSR B1534+12, PSR J0737-3039, and PSR B2127+11C, which are double neutron star binaries. We mainly focus onω of these four binaries data to constrain the parameters of the intermediate-range force.
In what follows, our conventions and notations generally follow those of ref. [10] , and the metric signature is (-, +, +, +). Greek indices take the values from 0 to 3, while Latin indices take the values from 1 to 3. A comma denotes a partial derivative, and semicolon denotes a covariant derivative. Bold letters denote spatial vectors. The plot of this paper is as follows. In sect. 2, the metric and equations of motion (EOMs) in the first order post-Newtonian (1PN) approximation for general matter without specific equation of state are given by Chandrasekhar's approach. Subsequently, in sect. 3, we derive the EOMs andω for binary and discuss two parameters (α and λ) about the intermediate-range force. We then constrain the parameters by means of fittingω for four binary pulsars and deal with the details of discussion about results in sect. 4. Finally, constraints method and results are outlined in sect. 5.
1PN approximation

Field equations by variation
Variation of the action equation eq. (1) with respect to g μν yields
where g (·) = (·) ;αβ g αβ . T μν is the stress-energy-momentum tensor of matter defined as
Following refs. [11] [12] [13] , mass, current, and stress density can be defined as
It is worth emphasizing that, in these definitions, the matter is described by the energy-momentum tensor without specific equation of state. Variation of the action with respect to φ yields
Perturbation of the scalar-tensor theory with the intermediate-range force
Following the approach in ref. [14] , we deal with the metric tensor in the form of a Taylor expansion in the parameter ≡ 1/c as follows:
O(n) means the order of n . We assume that the scalar field can be expanded in power series around its background value φ 0 as Kopeikin and Vlasov [15] and define
where ζ is dimensionless perturbation of the scalar field around φ 0 .
In particular, decomposition of the coupling function θ(φ) can be written as
where
According to eqs. (12)- (14), we have
Now two parameters γ and β are introduced as follows:
For scalar-tensor theory with ϑ 2 = 0, it turns out that γ and β become the values of corresponding standard PPN parameters γ PPN and β PPN [16, 17] .
Gauge condition and 1PN approximation
We use the gauge condition imposed on the component of the metric tensor proposed by Kopeikin and Vlasov [15] as follows:
To 1PN order, this gauge gives
Based on fields equations, their perturbation and the gauge conditions, the results are obtained as follows.
The equations for N and (2) ζ are
and (2) ζ + ξ 1
where is the D'Alembert operator in the Minkowski spacetime. And
For 1PN approximation, it yields
which gives
and (4) ζ + ξ 1
and
Equations of motion in 1PN
T iν ;ν ≡ 0 yields the momentum equation
;ν ≡ 0 yields the continuity equation
3 N-body pointlike and secular periastron precession of binary pulsar in 1PN
Considering an N-body system of nonspinning point masses for simplicity, we follow the notation adopted by ref. [18] and use the matter stress energy tensor as follows:
where δ denotes the three-dimensional Dirac distribution, the trajectory of the ath mass is represented by y a (t), the coordinate velocities of the ath body are v a = dy a (t)/dt and υ μ a ≡ (c, v a ), and μ a denotes an effective time-dependent mass of the ath body defined by
where subscript a denotes evaluation at the ath body and m a is the constant Schwarzschild mass. Another useful notation isμ
a . Both μ a andμ a reduce to the Schwarzschild mass at Newtonian order:
. Then the mass, current, and stress densities in eqs. (5)- (7) for the N point masses read
It can be written as the following form in Newtonian approximation,
and (2) 
Then, we derive
Through integration of eq. (32), EOMs in Newtonian approximation are given as follows:
From eq. (43), the gravitational potential in Newtonian approximation is
On the other hand, Fischbach and Talmadge [19] provided the following potential: (n a n ab )
with the relation ofμ a that
where r a = |x − y a | and r ab = |y a − y b |. For L i ,
Because intermediate-range force in the Newtonian order is very tiny (See ref. [3] ), we omit any coupling terms in the magnitude of α 2 2 , 2 e −r a /λ and drop out the terms including coefficients of ξ 2 and ξ 3 . Thus, it yields 
where 12 , n = n 12 and a = dv 12 /dt. Comparing our results with the ones of ref. [21] , we can see another additional term comes from the intermediate-range force in eq. (53). By the aid of the averaging method, the secular periastron advance for a binary pulsar in 1PN is
, a is the semi-major axis and e is the eccentricity of the binary. It is worthy of note that there exists the contribution of the intermediate-range force in eq. (56). When we drop out its effect (α = 0), eq. (56) will return to the usual result for the general relativity.
Constraints on the parameters by binary pulsars
Binary pulsars provide us more impressive tests of general relativity than other systems. For example the fraction will merge due to gravitational wave emission. Besides, a neutron star is rather compact and its companion hardly affects its shape. These systems are highly valuable for measuring the effects of gravity and testing gravitational theories. Four samples used in this paper are PSR B1913+16, PSR B1534+12, PSR J0737-3039 and PSR B2127+11C which are listed in Table 1 . The numbers inside a pair of parentheses are the 1σ error of its corresponding quantity. PSR B1913+16 was discovered in 1974 by using the Arecibo 305 m antenna [26] . The orbit has evolved since the binary system was initially discovered, in precise agreement with the loss of energy due to gravitational wave emission predicted by Einstein's General Theory of Relativity. PSR B2127+11C was located in the globular cluster Messier 15. This system appears to be a clone of PSR B1913+16 (See Table 1 ). For PSR B1534+12, its pulses are significantly stronger and narrower than those of PSR B1913+16 [23] . PSR J0737-3039 was discovered during a pulsar search carried out using a multibeam receiver with 64 m radio telescope in 2003 [24] . And this system has shorter orbital period, smaller eccentricity and larger periastron advance. When β = 1, eachω in Table 1 will confine the values of α and λ in a curve through eq. (56) (See Figures 1  and 2) .
In Figure 1 , the trajectories of four double neutron star binaries in the plane of the parameters α and λ have been shown. From Figure 1 , the three trajectories almost meet together. Figure 2 is the enlarged drawing of Figure 1 at a smaller scale.
On the other hand, Damour and Esposito-Farèse [12] constrain two 2PN parameters of Multi-Scalar-Tensor theory by using four different binary pulsars data in 1σ confidence level. Using the same method of ref. [12] , we constrain the parameters of the intermediate-range force in 1σ confidence level. Firstly, an 1σ constraint imposed by double neutron star binariesis plotted. Each set of binary data leads to a reduced χ 2 : χ 2 binary (α, λ) = (ω theory −ω observation ) 2 /σ 2 observation , equivalent to the 1σ constraint −σ observation <ω theory − ω observation < σ observation . The bounds by four double neutron star binaries allowed regions of the λ-α plane are displayed in Figure 3 . Clearly four binaries data favor only a small region of the parameters. To combine the constraints on α and λ coming from different double neutron star binaries experiments, their individual χ 2 have been added as if they were part of a total experiment with uncorrelated Gaussian errors like the analysis method of ref. [12] : 
Conclusions and prospects
Starting with the action of a scalar-tensor theory with an , λ = (4.51 ± 0.01) × 10 7 m andβ ≡ β − 1 = (−3.30 ± 0.01) × 10 −3 when three degrees of freedom (α, λ andβ) are considered in 1σ confidence level. By the relationship between α and γ, it can also give us that 1 − γ 10 −4 by binary pulsars data. In addition,Ġ/G could be constrained by lunar laser ranging. Then, the background value of scalar field could also be constrained though G = 1/φ 0 . Our results show that the limits of binary pulsars systems on the intermediate-range force are basically consistent with the results from the solar system such as the earth-satellite measurement of earth gravity, the lunar orbiter measurement of lunar gravity, and lunar laser ranging measurement to constrain the force [19, 27] . To solidify the existence of these effects by binary pulsars systems in the future, the timing model should be constructed in the framework of the scalar-tensor theory with the intermediate-range force. 
